Existing studies have explored either only one or two of the mechanisms that human capital externalities percolate at only macrogeographic levels. This paper, by using the 1990 Massachusetts census data, tests four mechanisms at the microgeographic levels in the Boston metropolitan area labor market. We propose that individual workers can learn from their occupational and industrial peers in the same local labor market through four channels: depth of human capital stock, Marshallian labor market externalities, Jacobs labor market externalities, and thickness of the local labor market. We …nd that all types of human capital externalities are signi…cant across census tracts and blocks. Marshallian labor market externalities and the e¤ect of labor market thickness in terms of industry employment density are signi…cant at the block level. The mechanisms of knowledge spillovers vary across industries and occupations. Di¤erent types of externalities attenuate at di¤erent speeds over geographic distances. The e¤ect of labor market thickness -in terms of industry employment density -decays rapidly beyond 1.5 miles away from block centroid; the e¤ect of human capital depth decays rapidly beyond three miles; while Jacobs externalities decay very slowly, indicating a certain degree of urbanization economies. We conclude that knowledge spillovers are very localized within microgeographic scope in cities that we call, "Smart Café Cities." JEL Code: C21, R23, J24 0 I am very grateful to Professors
Introduction
A high concentration of skilled workers can promote the creation, di¤usion, acquisition, and accumulation of knowledge across individual workers, geographic space, and time. Workers bene…t from being close to a dense skilled labor market where, through di¤erent channels, they can learn from others without compensation. For example, "if one man starts a new idea, it is taken up by others and combined with suggestions of their own; and thus it becomes the source of new ideas" (Marshall, 1920, p.271) . Such productivity-enhancing external bene…ts of labor markets are called human capital externalities, knowledge spillover e¤ects, learning externalities, or labor market local agglomeration economies, whichever you choose. Uncompensated externalities from aggregate human capital stock have long been considered one of the important forces of economic growth (Romer, 1986; Lucas, 1988) . Further, local human capital externalities are considered to be one of the predominant reasons for the existence of cities (Henderson, 1974; Fujita and Ogawa, 1982; Lucas, 2001 ) and urban endogenous growth (Palivos and Wang,1996 ; Eaton and Eckstein 1997; Black and Henderson, 1999).
If workers can learn from others nearby, their productivity will increase. Therefore, …rms would be willing to pay higher wages (assuming workers are paid by their marginal value of product). In order to prevent all workers from concentrating in a particular area, housing and land rents must increase to achieve spatial equilibrium. Therefore, …rm data, wage data, and housing or land price data can be used to test human capital externalities. The disadvantage of using …rm data is that it requires a broad set of control variables to separate other sources of bene…t …rms obtain from being close to each other, such as natural advantage, input sharing, and forward or backward linkages. Land prices usually are not directly observable. Estimating hedonic housing models to infer human capital externalities is reasonable, but omits information of in- The 1990 Massachusetts census data enable us to explore labor market agglomeration down to the census tract and block level. We estimate hedonic wage 1 For a survey of literature on agglomeration economies from the concentration of …rms or industries, see Rosenthal and Strange(2003b) and Duranton and Puga (2003) . models with di¤erent location …xed e¤ects and identify that almost all types of human capital externalities are signi…cant across blocks as well as across tracts.
Furthermore, Marshallian labor market externalities and the e¤ect of labor market thickness in terms of industrial employment density are signi…cant at the block level. We also estimate a spatial attenuation e¤ects model, and …nd that di¤erent types of human capital externalities attenuate with distance at di¤er-ent speeds. For example, occupational Marshallian labor market externalities decay rapidly beyond 1.5 miles away from block centroid; the e¤ect of human capital depth decays rapidly beyond three miles; while the e¤ect of industry diversity decays slowly within nine miles. Since human capital externalities are very localized, we call dense urban areas "Smart Café Cities." We propose that there are four types of percolation mechanisms of human capital externalities through local labor markets: depth (quality) of human capital stock, Marshallian labor market externalities, Jacobs labor market externalities, and thickness of labor markets. These four channels capture the four 2 The term "Smart Cities" was proposed by Shapiro (2003) . "Café Cities" was proposed by Professor Richard Arnott in his lectures on urban economics at Boston College. dimensions of knowledge: the vertical and horizontal di¤erence, local specialization, and spatial density of knowledge. They can be considered as the local labor market attributes that promote human capital accumulation and enhance workers'productivity.
In the following subsections, we de…ne the four types of human capital externalities in detail and design a set of variables to measure them. Our unique dataset enables us to test these four types of human capital externalities within one model speci…cation.
The Depth of Human Capital Stock
We de…ne the degree of advancement or sophistication of a certain type human capital as the depth or quality of human capital, which re ‡ects the vertical difference of knowledge. Workers can learn more and faster from others who have better human capital in their …elds than from those with lower human capital level. High-quality human capital can enhance the ability to absorb existing ideas and create new ones. Therefore, even though well-educated workers may learn less from less educated neighbors, they still learn much from the concentration of well-educated peers.
School education is the typical way to deepen human capital; therefore, the average level of education in a labor market is a good proxy for the depth of human capital stock. We use a simpler index: the share of workers with college degree, or higher, in a labor market, since an increase in the share of college graduates in a labor market implies an increase in the average level of education. databases and concluded that the deepening of human capital contributes to the growth of urban employment, wages, and housing value. In his overall sample, a 10% increase in the share of college educated residents generated a 0.2%, 0.6%, and 0.7% increase in wage, urban employment, and housing value growth, respectively. It is in this sense that he called cities, "Smart."
Marshallian Labor Market Externalities
The original idea of human capital externalities probably …rst dates back to Alfred Marshall (1920) . Marshall emphasized that human capital externalities take place mostly between workers in the same industry and city through faceto-face interactions. He also stressed technological spillovers from one …rm to another …rm nearby in the same industry in a city. He de…ned the bene…ts a …rm obtains from the general development of the industry as external economies (1920, p.266) . It is within this dynamic context, recently, urban economists developed the concept, "Marshallian externalities,"meaning …rms can bene…t from the concentration of same-industry …rms in an intertemporal context (Glaser, et al., 1992) . 4 Empirical works have identi…ed that Marshallian externalities are signi…cant in many industries. For example, Henderson (2003) found that
Marshallian externalities have strong productivity e¤ects in high-tech industries.
We hypothesize that workers can learn from the local concentration of sameoccupation and same-industry peers. We refer to this "Marshallian labor market externalities." The mechanism is such that the concentration of specialized skilled workers generates more competition, which provides a strong motivation for workers to learn the most up-to-date knowledge and speeds the creation and di¤usion of new knowledge. This is the crucial point of Porter's theory of competitive advantage in regional clusters (Porter, 1990; . Also, increased division of labor generates comparative advantage compared with under-specialized regions.
We use the degree of occupation (industry) specialization at a location to measure Marshallian labor market externalities. The occupation (industry) specialization index is the ratio of the employment in a certain occupation (industry) at a location to the total employment at that location. This index measures the intensity and frequency of social interactions and knowledge spillovers among same-occupation (same industry) workers at a location. Wheaton and Lewis (2002) were probably the …rst to test Marshallian labor market externalities. They used manufacturing industry wage data from the 5% Public Use
Micro Sample (PUMS) of the 1990 U.S. census, and found that the di¤erences in occupation specialization and industry specialization across MSAs could generate 23% and 30% higher wages, respectively.
Jacobs Labor Market Externalities
Jacobs (1969), with many concrete examples, emphasized that it is the variety and diversity of geographically proximate industries that promote innovation and city growth. This is why the bene…ts from urban diversity in the dynamic context are called, "Jacobs externalities." Firms bene…t from urban diversity due to the following external economies: shared inputs, lower transaction costs, and statistical economies of scale in production and consumption. Examples would be business services and consumption amenities, labor market matching and shopping districts, and unemployment insurance in a diverse labor market (Quigley, 1998; Duranton and Puga, 2000) . New economic geography models (Fujita, et al., 1999) and some endogenous growth models (Barro and Sala-IMartin, 1995, chapter 6) show that diversity and variety in producer inputs or consumption goods can generate external scale economies.
The empirical results of testing Jacobs externalities are mixed. innovative high-tech industries. 5 In another paper (Florida, 2000) , he found that the geographic distribution of talent is closely associated with diversity (meaning low entry barriers) and urban amenities.
We construct an occupation (industry) diversity index that equals one minus 
The Thickness of Labor Market
The more densely concentrated a labor market in a limited geographic area, the more luck workers will have in their random matches, that is, workers bene…t from the thickness or density of a local labor market. In the literature, labor market pooling (from the viewpoint of …rms) sometimes also means the thickness of labor market, though it is used to explain both localization and urbanization economies. The importance of labor market thickness at microgeographic levels is that workers can socialize more frequently and build social networks more easily to exchange information. Bayer et al. (2004) detected that social interactions among block neighbors help workers to build informal hiring networks, which have a signi…cant impact on a wide range of labor market outcomes.
Employment density, the number of workers per square kilometers, is a simple index for gauging the thickness of a local labor market. An alterative is an occupation (industry) concentration index, which is the ratio of employment of an occupation (industry) at a location to the total employment of that occupation (industry) over all the locations. However, the values of concentration indices depend on the speci…cation of geographic units.
In a labor market with imperfect information, …rms and workers search for each other to form an idea match. The larger or more dense a labor market is, the higher the probability of a better match between jobs and workers with heterogeneous human capital. This labor market pooling e¤ect can generate agglomeration economies even without learning behavior (Helsley and Strange, 1990 ). Ciccone and Hall (1996) were the …rst to put density of economic activity into theory and empirical test. Their models show that spatial density results in aggregate increasing returns: a doubling of employment density in a county results in a 6% increase of average labor productivity. These locally increasing returns can explain more than half of the variance of output per worker across the United States. Wheaton and Lewis (2002) found that the di¤erences in occupation and industry concentration across MSAs could generate 12% and 16% higher wages, respectively.
The Geographic Scope of Human Capital Externalities
The ‡ow of knowledge across geographic space is costly. Information spillovers which require frequent contact between workers may dissipate over a short distance, since walking to a meeting place becomes more di¢ cult, or random en- As for knowledge spillovers, Lucas (1988) argued that metropolitan areas are the most appropriate units to examine when looking for the productivityenhancing e¤ects of human capital abundance. Rauch (1993) found evidence on human capital externalities at the SMSA level. Simon and Nardinelli (2002) argued that knowledge spillovers are geographically limited to the city and much knowledge is most productive in the city within which it is acquired. They found that the estimated e¤ects of human capital on employment growth are very large at the city-aggregate level, but smaller on metropolitan areas. Wheaton
and Lewis (2002) No work has been done to identify the microgeographic scope of human capital externalities. 6 In this paper, we make a contribution to this unexplored topic.
We construct labor market attribute indices at the census tract, blockgroup, and block level, and estimate hedonic wage models with di¤erent location …xed effects. We …nd that all of the proposed four types of human capital externalities are strong and signi…cant across tracts and even across blocks. Marshallian labor market externalities and the e¤ect of industry employment density are signi…cant at the block level. We also …nd that the e¤ects of human capital externalities attenuate at di¤erent speeds with distance away from block centroid.
It is in this sense that we call cities, "Café Cities."
Model Speci…cation and Identi…cation
In this section we specify two types of models and discuss the identi…cation strategies. The …rst is a benchmark model for testing the magnitude and significance of the types of human capital externalities at di¤erent spatial scales. The second is constructed to detect the spatial decay patterns of those externalities.
The Benchmark Model
The benchmark model is speci…ed as an augmented hedonic wage model including both individual characteristics and local labor market attributes. The labor market attribute indices are constructed at the census tract level.
where W noij is the hourly wage of worker n; whose occupation is o and who worked in industry i at census tract j; is a constant, c is county …xed e¤ects, X n is the characteristics vector of worker n, X j is the attributes vector of local labor market at census tract j, and are the coe¢ cient vectors to be estimated, and noij is the error term. The industry diversity index
where S ij denotes the ratio of employment in industry i at tract j to the total employment at tract j.
IndDens: industry employment density index for workers in industry i at tract j. It is the number of industry i workers per square kilometers at tract j.
We estimate model (1) by pooling all the data, and by occupation and industry. The results are reported in sections 6.1 and 6.2.
Identi…cation Strategies
The error term captures the e¤ects of unobservable locational attributes, un- This sorting e¤ect causes the correlation between the error terms and some labor market attribute indices. This endogeneity problem is hard to overcome in cross-section models. We leave this for future research.
Locations nearby may share some common attributes, such as infrastruc- No matter how carefully designed and implemented, the census data still contain measurement errors, such as undercount. The measurement error problem will be magni…ed when using data at lower geographic levels, but less serious at aggregate levels or locations with large observations. Measurement errors in dependent variables will cause the coe¢ cients to be underestimated. We will take this into account when we interpret estimate results from lower geographical models. We also estimate models by selecting locations where the number of workers is greater than a certain number to get a sense of measurement errors.
Some indices are moderately correlated (See Table A -5 in the appendix), which hints that our proposed human capital externalities percolation channels may interact with each other. For example, high diversity may attract highlyeducated workers; high occupation diversity may imply low specialization for some occupations; a high degree of specialization of some occupations in downtown may also imply high occupation employment density. However, in this study we do not consider the interaction problem since we are particularly interested in identifying the di¤erent dimensions of human capital externalities.
Our huge sample size can reduce the standard errors and partly remedy the collinearity problem.
The Spatial Attenuation Model
To test how human capital externalities attenuate with distance, we adopt the methodology proposed by Rosenthal and Strange (2003a) . For each block, we construct concentric rings of various radii away from the centroid of that block;
for every ring, we construct the seven indices of labor market attributes, respectively, based on the employment in that ring. 9 We then estimate model (1) by replacing X j with all the indices for each ring.
Given that the census data provide individual residential and working address information only down to block level, we cannot precisely compute distances between any two workers. To compute the distance between any two block centroids, we assume that all employment in a block concentrates at the centroid of that block. If a block centroid is within a particular ring, then the whole area of that block is considered in that ring, too.
The alternative is to assume that employment is uniformly distributed at each block, then construct rings of certain miles away from block centroid. In order to infer the proportion of employment from each overlapped block in a ring, Geographical Information Systems (GIS) software is needed to compute areas of all the parts of blocks that overlap with that ring. However, in our sample, each worker has a set of heterogeneous characteristics in terms of education, race, occupation, and industry. Even if we assume that workers are uniformly distributed within blocks, we still cannot guarantee that workers of a certain characteristic are also uniformly distributed. Therefore, it is impossible to construct all indices for each ring in a consistent way. Rosenthal and Strange (2003a) adopted the uniform distribution assumption because their variables were not individual speci…c. Compared to metropolitan areas, it does not make much di¤erence whether one assumes that workers are uniformly distributed within a block or concentrate at block centroid. The results of our spatial attenuation model are reported in section 6.3.
Data
We use the restricted version of the 1990 Massachusetts census data. The data set contains detailed information on surveyed individuals'personal characteristics, family structure, geography information of residential and working place, and housing characteristics. The sample we use in this paper is constructed as follows: select workers ages 16-65, working in the Boston metropolitan area, who reported non-zero wages, their hours usually worked per week, and their weeks worked in the previous year. We exclude workers whose industry was agriculture, mining, military, or not classi…ed, and also exclude workers who have disabilities preventing them from working. For the tract level model, we select only tracts where the number of workers is greater than 1. 11 We apply the same rule for blockgroup and block level models. The tract level model sample includes 150,952 observations, 7 counties, 621 census tracts, 2,461 blockgroups, and 11,395 blocks. Some summary statistics are listed in Table A 
Results

Benchmark model results
We …rst estimate model (1) with county and tract …xed e¤ects. The results are reported in Table 1 . In Table 1 , the county …xed e¤ects model shows that estimated coe¢ cients for all the variables of individual characteristics and local labor market attributes are signi…cant at the 5% level except that the coe¢ cient of occupation employment density index is signi…cant at the 10% level. The e¤ects of human capital depth at the tract level are decomposed into three components:
the depth of overall, same-occupation, and same-industry human capital stock.
The coe¢ cient of AveEdu shows that a 1% increase in the share of workers who Table 1 show that the quality of human capital in an occupation, Marshallian labor market externalities, and industry employment density are signi…cant at the tract level.
To identify what types of human capital externalities are signi…cant at lower geographical levels, we construct the labor market attribute indices at the blockgroup and block level. For example, in the block level model, the overall depth of human capital is the percentage of workers who are college graduates at a block; the occupation specialization index is the ratio of same-occupation workers at a block to the total number of workers at that block. We then estimate the benchmark model at the blockgroup and block level with di¤erent locational …xed e¤ects respectively. Tables 2 and 3 In Table 2 , the blockgroup …xed e¤ects model identi…es the types of externalities that are signi…cant within a blockgroup, including the quality of human capital among same-occupation peers, Marshallian labor market externalities, and the thickness of the labor market. Note: { } indicates insigni…cance at the 5% level. Standard errors are in the rows below the coe¢ cients. All indices are constructed at the block level.
In Table 3 , the blockgroup …xed e¤ects model shows that almost all types of human capital externalities are signi…cant across blocks. The block …xed e¤ects model further identi…es that Marshallian labor market externalities and labor market thickness in terms of industrial employment are signi…cant at the block level. Table 4 further summarizes di¤erent types of human capital externalities that are signi…cant at the 5% percent level at di¤erent geographic scopes. 
The most striking result in Table 4 is that the Marshallian labor market externalities are signi…cant at all microgeographic levels, including at the block level. Almost all types of externalities are signi…cant across blocks, as well as across tracts. It is in this sense that we call cities, "Café Cities."
In Table 5 , we assemble the results from the benchmark model at the tract, blockgroup, and block levels, where only county …xed e¤ects are included. Note: { } indicates insigni…cance at the 5% level. All models include county …xed e¤ects. N is the number of workers at a location. Table 5 shows some interesting spatial patterns of human capital externalities. The coe¢ cients of occupation employment density are increasing when moved down to the lower geographic levels, which hints that they decay with distance away from a block. The coe¢ cients of industrial Marshallian externalities are very similar, which hints that they decay very slowly within a tract.
All other indices have the same pattern: much stronger at the tract level, much smaller at the block level. The explanation could be as follows: these externalities are strong at the tract level, but measurement errors attenuate the coe¢ -cients at the blockgroup and block level. To test this hypothesis, we estimate the block level model by selecting only blocks where the number of workers is greater than 10. The results show that most of the coe¢ cients, indeed, increase signi…cantly. Tentatively, we conclude that, without measurement errors, the coe¢ cients of human capital depth, occupation specialization, diversity indices, and industry employment density would be similar at the tract, blockgroup, and block level.
The above rough spatial patterns indicate that di¤erent types of human capital externalities take place at di¤erent geographic scopes, and attenuate spatially at di¤erent speeds. However, we cannot see the pattern beyond the tract level. The natural extension is to test the spatial decay patterns of di¤erent types of human capital externalities within a larger geographic scope.
Human Capital Externalities by Occupation and Industry
We also estimate model (1) by occupation and industry to explore the human capital externalities within a labor market of a particular occupation or industry at the tract level. Table 6 presents the results for a few selected occupations and industries. Note: { } indicates insigni…cance at the 5% level. Individual variables, occupation or industry dummies, and county …xed e¤ects are included. Table 6 shows that high-tech industry workers bene…t strongly from Marshallian labor market externalities, which is consistent with Henderson's …nding based on plant level data. Manufacturing industry workers bene…t from both Marshallian and Jacobs externalities, which is consistent with the literature on dynamic externalities. The same pattern holds for computer industry workers.
Management occupation workers bene…t from all of the four types of human capital externalities by di¤erent degrees. Computer scientists bene…t strongly from same-occupation peers and industrial diversity. Artists strongly bene…t from urban diversity, which is very consistent with Florida's argument based on his bohemian index. In brief, channels of knowledge spillovers vary in sub-labor markets of di¤erent occupations and industries.
Spatial Attenuation Model Results
We construct all the labor market attribute indices in such a way that they do not depend on geographic units. If economic activities were evenly distributed over space and if there were no spatial attenuation, the e¤ects of human capital externalities would be the same at di¤erent locations. If estimated coe¢ cients for an index vary with distance, we can infer its spatial pattern. We divide rings of di¤erent miles away from the centroid of each block and construct indices based on the workers in each ring. There is no prior guidance on how to determine the number and the width of rings, except through experimentation.
A rule of thumb is to look at the size distribution of blocks, blockgroups, and Table 7 . N : number of workers in a block.
Numbers 0, 1, 3, 6, 9 at the end of each variable name indicate that the construction of that variable is based on the employment within the block, ring of 1.5, 3, 6, and 9 miles respectively. Model 1 in Table 7 selects only blocks where the number of workers is greater than one. Let us …rst look at the overall quality of human capital. The variable AveEdu is geographic-invariant. If there were no spatial attenuation, the coe¢ cients should be the same at di¤erent rings. The coe¢ cients of AveEdu are actually .071, .141, .103, .021, and .066, respectively from the inner ring to the 9 miles ring. The …rst two coe¢ cients are signi…cant at the 1% level, the third one is signi…cant at the 10% level, but the other two coe¢ cients are not signi…cant. The coe¢ cient at the block level (.071) probably is underestimated due to measurement errors. Though we do not know how strong the actual e¤ect is at the block level, we could infer that the e¤ects of human capital depth are positive and signi…cant up to three miles away from each block. then they decay rapidly thereafter (decrease by 5 times from the third to the fourth ring). This pattern is also consistent with Table 5 .
The e¤ects of occupation specialization decay very fast beyond 1.5 miles, which implies that the occupational Marshallian externalities are very localized.
The industrial specialization e¤ects are signi…cant up to the sixth mile, and not signi…cant thereafter, consistent with Table 5 where industrial specialization e¤ects are very stable within tract levels.
The coe¢ cients of occupation employment density are large and signi…cant at the tract level, insigni…cant beyond tract level. The coe¢ cients of industry employment density show a similar pattern: large and signi…cant at the blockgroup level, then they decay rapidly.
The pattern of diversity indices is worth noting. The coe¢ cients of occupation diversity are the strongest and signi…cant at the farthest ring. The coe¢ cients of industrial diversity are positive and signi…cant at the …rst four rings, and the variation of magnitude is not very large (.064, .274, .220, .300 in the …rst four rings). These patterns hint that there exist strong urbanization economies within certain geographic scopes due to urban diversity.
The above results show that human capital externalities in cities have obvious spatial attenuation patterns, though they may be strong at di¤erent geographic scopes and decay at di¤erent speeds. Note that the monocentric city model predicts that spatial decay e¤ects occur with distance away from the Central Business District (CBD). However, in our model, we construct rings for each block, no matter whether the block is located in downtown or in a suburban area. Therefore, our results provide much stronger and more powerful evidence for the spatial attenuation of local agglomeration economies.
Are our results sensitive to the scale of block employment concentration? We also estimate the same model using blocks where there are more than 10 workers and 20 workers, respectively, see model 2 and 3 in Table 7 . Again we …nd that the coe¢ cients at the block level (the inner ring) increase signi…cantly, probably due to measurement errors. Though the magnitude of coe¢ cients changed, the spatial decay patterns are almost the same.
We also estimate the spatial attenuation model with tract and blockgroup …xed e¤ects. The results are presented in Table 8 . 
Conclusion
Endogenous growth and urban theories assume the existence of human capital externalities. Urban theoretical models further predict that agglomeration forces attenuate spatially. In this paper, we use the 1990 Massachusetts census data and provide empirical evidence for the microfoundations and spatial attenuation patterns of knowledge spillovers at microgeographic levels. We test four channels through which individual workers can learn from their occupational and industrial peers in the same local labor market: depth of the human capital stock, Marshallian labor market externalities, Jacobs labor market externalities, and thickness of the local labor market. We …nd that all types of human capital externalities are strong and signi…cant across census tracts and blocks;
Marshallian labor market externalities and the e¤ect of labor market thickness in terms of industry employment density are signi…cant at the block level. Different types of externalities decay at di¤erent speeds over geographic distances.
We conclude that knowledge spillovers are very localized within microgeographic scope in cities that we call, "Smart Café Cities." Lucas conjecture. 12 We are making progress on this topic. 
